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HIGH PERFORMANCE BRAIDED CATHETER 

Related Applications 

This is a continuation-in-part of U.S. Patent Application Sen No. 
08/430,445, filed April 28, 1995, and also a continuation-in-part of U.S. Patent 
Application Ser. No. 08/521,671, filed August 31, 1995, tiie entirety of which are 
incorporated by reference. 

Field of the Tnventmn 

This invention is a surgical device. In particular, it is a catheter assembly 
and a section of that catheter assembly. That catheter assembly may be used in 
accessing a tissue target within the body, typically a target which is accessible 
through the vascular system. Central to the invention is the use of a braided 
metallic reinforcing member, typically of super-elastic alloy ribbon, situated 
within the catheter body in such a way to create a catheter section having an 
exceptionally thin wall, controlled stiffiiess, high resistance to kinking, and 
complete recovery in vivo from kinking situations. The braid may have a single 
pitch or may vary in pitch along the axis of the catheter or catheter section. The 
braided ribbon reinforcing member typically is placed between a flexible outer 
tubing member and an inner tubing member to produce a catiieter section which is 
very flexible but highly kink resistant 

The catheter sections made according to this invention may be used alone 
or in conjunction with other catheter sections either made using the concepts 
shown herein or made in other ways. The more proximal sections of the catheter 
assembly are often substantially stiffer than the more distal sections due to the 
presence of stiff polymeric tubing or metallic tubing or composited materials in 
the stiffer section. 
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Backpmiind nf th^ invfntifTn 

Catheters are increasingly used to access remote regions of the human 
body and. in doing so. delivering diagnostic or therapeutic agents to those sites. 
In particular, catheters which use the circulatoiy system as the pathway to these 
treatmem sites are especially practical. Catheters are also used to access other 
regions of the body, e.g., genito-urinaiy regions, for a variety of therapeutic and 
diagnostic reasons. One such tieataient of diseases of the circulatory system is via 
angioplasty (PCA). Such a procedure uses catheters having balloons on their 
distal tips. It is similarly common that those catheters are used to deliver a radio- 
opaque agent to the site in question prior to the PCA procedure to view the 
problem prior to treatment. 

Often the target which one desires to access by catheter is within a soft 
tissue such as the liver or the brain. These are difficult sites to reach. TTie catheter 
must be introduced through a large artery such as those found in the groin or in the 
neck and then be passed through ever-narrower regions of the arterial system until 
the catheter reaches the selected site. Often such pathways wUl wind back upon 
themselves in a multi-looped path. These catheters are difficuk to design and to 
utilize in that they must be fairly stiffat their pit,ximal end so to allow the pushing 
and manipulation of the catheter as it progresses through the body, and yet must 
be sufficiently flexible at the distal end to allow passage of the catheter tip through 
the loops and increasingly smaller blood vessels mentioned above and yet at the 
same time not cause significant trauma to the blood vessel or to the surrounding 
tissue. Further details on the problems and an early, but yet effective, way of 
designing a catheter for such a traversal may be found in U.S. Patem 4,739,768. to 
Engelson. These catheters are designed to be used with a guidewire. Aguidewire 
is simply a wire, typically of very sophisticated design, which is the "scout" for 
the catheter. The catheter fits over and slides along the guidewire as it passes 
through the vasculature. Said another way, the guidewire is used to select the 
proper path through the vasculature with the urging of the attending physician and 
the catheter slides along behind once the proper path is established. 

- 2 - 
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There arc other ways of causing a catheter to proceed through the human 
vasculature to a selected site, but a guidewire-aided catheter is considered to be 
both quite quick and somewhat more accurate than the other procedures. One 
such alternative procedure is the use of a flow-directed catheter. These devices 
often have a small balloon situated on the distal end of the catheter which may be 
alternately deflated and inflated as the need to select a route for the catheter is 
encountered. 

This invention is an adaptable one and may be used in a variety of catheter 
formats. The invention utilizes the concept of combining one or more polymeric 
tubes with a metallic braid comprising ribbons of a super-elastic alloy. The 
construction technique has the benefit of producing catheter sections having small 
overall diameters but with exceptional strength, resistance to kinking, and 
recovery from kinking (even in vivo^ should such kinking occur. This catheter 
may be used in conjunction with a guidewire, but the catheter body may also be 
used as a flow-directed catheter with the attachment of a balloon or in 
combination with a specifically flexible tip, as is seen, for instance, in U.S. Patent 
No. 5,336,205 to Zenzen et al., the entirety of which is incorporated by reference. 

The use of braids in a catheter body is not a novel concept. Typical 
background patents are discussed below. However, none of these documents have 
used our concept to produce a catheter which has the physical capabilities of the 
catheter of this invention. 

Multi-Wrap Catheters 

There are a number of catheters discussed in the literature which utilize 
catheter bodies having multiply-wrapped reinforcing material. These catheters 
include stmctures having braided bands or ones in which the spirally wound 
material is simply wound in one direction and the following layer or layers are 
wound in the other. 

Crippendorf, U.S. Patent 2,437,542, describes a "catheter-type instrument" 
which is typically used as a lu-eteral or urethral catheter. The physical design is 
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^ U. be one tav^g . ^ ^ ,f ^ ^ ^ ^^^^^^ 

of.esscrfl«ibm„. device is of to.em™ed^„,^^ 
some synU»dc fiber. „ is ™ade by i„,p,eg„ati„g . ' 
a^emng mediu™ which ^kIcs U.e »be stiff ye, fle»b,e. Tie U^s-plaaicized 

v-^iU« .aye,. ™s ,a«er ^.eri., ™, , ^ „^ ^ 

»das«.u*Iepteid«r. Tl«rc is no indicate tta, ftis device is of fte 
flexibility descHbedherein. Additionally, i. appear „ he U.e .ype «bich is us«. 
mson,e,egion other to> in the bodys periphery or in its soft tissues 

^™'-'^."S.Pa,e«No.3.4,6.531.toEd™rds.sho«sac«he.erhavfag 
b«Ki«.g-«ige™U. ^devicefirt.rh,saddition,Ihyersof„tt,erpo,y„,e. 
such as -TEFLON «^ the liie. T1» stiands fo»d in u,e b.idi„g i„ the Z 
appeartobethreadshavingch^arcros^sections. Tl,ere is no suggestion of 
co-^tructing , device using ribbon materials. F.«he,™ore. the device is shown to 
atrly stiff . tha, i, is designed so ti.t it ^y be bem using a f«riy large handle 
at Its proximal end. 

us. P«ent No. 3.924.632. to Cool, shows a catheter body utilizing 
fiberglass bands capped spindly for the length of tite catheter. As is shown in 
F.gur.2and the explanation of the Figure atcolu^n 3. ih«s 12andfollo«„g the 
catitet^ uses fiberglass bands which are braided, ti.. is to say. bands which a,; 
spualed in one dir^tion cross over and under bands which ate spiraled in ti,. 
opposite directioa Additionally, it should be ob«,ved that Figure 3 depicts a 

cati«ter shaft having boti, an iraierlirtng or core 30 ami an outer n,be35 

US. Patent No. 4,425.91!.. to Alston. Jr. et al.. shows a n,ultilayered 
catheter assembly using multi-st^ded fla, wire braid. Tbe braid 14 h> Figure 3 
Itother covers an interior mbing or substrate 12. 

U.S. Paten, No. 4,4M.586 shows a metitod for the p.»l„ction of a hollow 
condu«ive medical tiding. Tl» conducive wires are placed in a„ walls of ' 
hollow tirbing specifically for invlantaUon in the human body, panicularly for 
P«»n«k.rlead^ ™'«n8»P«f«ably made ofan annexed copper wire 
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which has been coated with a body-compatible polymer such as a polyurethane or 
a silicone. After coating, the copper wire is wound into a tube. The wound 
substrate is then coated with still another polymer to produce a tubing having 
spiral conducting wires in its wall. 

A document showing the use of a helically wound ribbon of flexible 
material in a catheter is U.S. Patent 4,516,972, to Samson. This device is a 
guiding catheter and it may be produced from one or more wound ribbons. The 
preferred ribbon is a polyaramid material known as Kevlar 49. Again, this device 
is a device which must be fairly stiff. It is a device which is designed to take a 
"set" and remain in a particular configuration as another catheter is passed through 
it. It must be soft enough so as not to cause substantial trauma, but it is certainly 
not for use with a guidewire. It would not meet the flexibility criteria required of 
the inventive catheter described herein. 

U.S. Patent No. 4,806,1 82, to Rydell et al, shows a device using a stainless 
steel braid imbedded in its wall and having an inner layer of a polyfluorocarbon. 
The process also described therein is a way to laminate the polyfluorocarbon to a 
polyurethane inner layer so as to prevent delamination. 

U.S. Patent No. 4,832,681, to Lenck, shows a method and apparatus useful 
for artificial fertilization. The device itself is a long portion of tubing which, 
depending upon its specific materials of construction, may be made somewhat 
stiffer by the addition of a spiral reinforcement comprising stainless steel wire. 

U.S. Patent No. 4,981 ,478, to Evard et al., discloses a multi-sectioned or 
composite vascular catheter. The interior section of the catheter appears to have 
three sections making up the shaft. The most interior (and distal) section, 47, 
appears to be a pair of coils 13 and 24 having a polymeric tubmg member 21 
placed within it. The next, more proximal, section is 41, and Figure 4 shows it to 
be "wrapped or braided" about the next inner layer discussed just above. The 
drawing does not show it to be braided but, instead, a series of spirally wrapped 
individual strands. Finally, the outermost tubular section of this catheter core is 
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anod«fibcrl.ycr49.ofstailarco„s«.ctiontoUKnuddlcs«tio„26di«ussed 
just above. 

Anoto cahettr *o™g d,e u« of braided Wire is she,™ i, U.S. p,^, 
No. 5.037,404. u, Gold e. al. Mention is made in Gold e, al of U» «„K.p,of 
vaiyu,g d« pitch angle benveen >««md sttands so to result in a device having 
dtifering fle>dbili,iesat differing potions of thedevice.Tl„ differing fl^^^^^ 
a- caused bytbediflerenceinpitchangle. No mention is n»de of the us. of 
nbbo^ is ^ sp«d6c ,n««ion made of the particular uses to »hich the Gold 
et al. device may be placed. 

U.S. Patent No. 5.057.092. to Webster, Jr.. sbo«s a caheter device used to 

monttorcanliovascular electrical acthdty^to electrically stimulate the hear. 
TTie catheter uses braided heUcal members having a high modulus of elasdcity 
e.g, stainless steel. The b«d U a fiirly complicated, mulU<„mponent pattern 
shown very well m Figure 2. 

U.S. Patent 5,176,660 shows the production of catheters having 
reinforcing strands in their shead, wall. The metalUc stiands m wound 

tluoughout the tubular shead, in a helical etossing patem so to produce a 
«rt»ttntially stronger sheath. Tl«reinfon:ing filaments are used to mcreasettte 
long,«Kiinal stiiftcss of the cadieter for good -pudtability". The device appears to 
be quite stiong and is wound at a tension of about 250,000 lb./m.' or more Tie 
flat strands themselves are said to have a widU, of between 0.006 and 0.020 inches 
and a thickness of 0.0015 and 0.004 inches. Tl»re is no suggestion «, use these 
concepts in devices having the flexibUity and odKr configurations describ«l 
below. 

Another variation which utilizes a catheter wall having helically placed 
liquid crystal fibrils is found in U.S. Patent No. 5,248.305. to Zdrahala. TT^e 
catheter body is extruded through an annular die. having relatively rotating inner 
and outer mandrel dies. In this way. the tube containing the liquid crystal polymer 
plast.CK:ontaining material exhibits a bit of circumfercntial orientation due to the 
rotating die parts. At column 2. line 40 and following, the patent suggests that the 
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rotation rate of the inner and outer walls of the die may be varied as the tube is 
extruded, with the result that various sections of the extruded tube exhibit 
differing stiffiiesses. 

U.S. Patent 5,217,482 shows a balloon catheter having a stainless steel 
5 hypotube catheter shaft and a distal balloon. Certain sections of the device shown 

in the patent use a spiral ribbon of stainless steel secured to the outer sleeve by a 
suitable adhesive to act as a transition section from a section of very high stiffriess 
to a section of comparatively low stiffness. 

Japanese Kokai 05-220,225, owned by the Terumo Corporation, describes 
10 a catheter in which the torsional rigidity of the main body is varied by 

incorporating onto an inner tubular section 33, a wire layer which is tightly knitted 
at the proximal section of the catheter and more loosely knitted at a midsection. 

Single-Laver. Reinforced Catheters 
1 5 There are a variety of catheters which, unlike the devices discussed above, 

utilize but a single layer of reinforcing material. 

For instance, U.S. Patent No. 243,396 to Pfane, patented in June of 1 881 , 

shows the use of a surgical tube having a wire helix situated within the tube wall. 

The wire helix is said to be vulcanized into the cover of the device. 
20 U.S. Patent No. 2,21 1,975, to Hendrickson, shows a similar device also 

comprising a stainless steel wire 15 embedded in the inner wall of a rubber 

catheter. 

U.S. Patent No. 3,757,768, to de Toledo, shows a "unitary, combined 
spring guide-catheter that includes an inner wall portion formed as a continuous 
25 helical spring with the helices in contact with each other and an outer wall portion 

formed from an inert plastic material enclosing the spring in such a marmer as to 
become firmly bonded to the spring while having its outer surface smooth". There 
is no suggestion to separate the windings of the coil in any fashion. 

U.S. Patent No. 4,430,083 describes a catheter used for percutaneous 
30 administration of a thrombolytic agent directly to a clot in a coronary artery. The 
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*v,oe itself is .„ .1^^ ^ ^^^^ ^ 

ha™g . sp^ifie si^pe. -n„ «i„ ^ ^ 

fte si^pe of 0. ouier s^^cot,^^^^^^^ ^ 
heat-Shrunk tubing with footing for a tight fit 

USP«...N„.4.567,024..oCo«^;showsaca««,e,w,,che„,^^^^^ 
^-.f^cals^ps^^^,.,,^^^ H„wev„,U,e.„,cali:« 

ab.„.y „ allow a. o«l««r Shaft ,0 be s«„ vie^ 3 

fluoroscope. 

U-^:^ No- V37.,53.»Sltoao,^e,al., describes a device 
«ol^»dasaWo«d*e.pc„.,,^.„,„^.^^^^ ""^ 

remforcing mattrial embedded wito fte wall of Ihe device 

4.985,02 ), *owsa small dia™e«,epid»Uca*e«,tavi^3disUl ap„^ up 
of a s-amless s«el ^ which « helically ^ 

^caU. or mbe. is «, suggestion wittin u,e pa«„, ^ fte i„«ior coil be 
made to adhere to the outer tubular sheath. 

Similariy, U.S. Paten, No. 5,1 78.158. to de Toledo, shows what is 
characterized as a Weriible wire f« use as a guidewire or catheter" "nte 
.»«n, describes a structure which contprises an imerior wire or spring secUon 

*own in the dntwings. to beof generally rectangular cn,ss.secUo„. Outer layers 
of the devtce include a poiyamide sheath ptaced adjacent to the helical coil at the 
pn-xunal end of the cath«„ (s« eo.unu, 4. lines 64 and following,. Ti, device 
also comprises an outer sheath 40 of Teflon that extends fit,m a„ ^ 
.othedtstalend 14 of dte device. The overiymg shea* 40 may extend or 
overhang a, Uk proximal or the distal end of the catheter. Tl« distal tip p„rU„„ ,3 
« satd ,0 be -flexible, soft, and flopw". Tie PCT Publish«I Applicadon 
corresponding to this patent is WO 92/07507. 
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U.S. Patent 5,184,627 shows a guidewire suitable for infusion of 
medicaments to various sites along the guidewire. The guidewire is made up of a 
helically wound coil havuig a polyamide sheath enclosing its proximal portion and 
a Teflon sheath tightly covering the entire wire coil. The coil is closed at its distal 
end. There is no suggestion that the wire forming the helical core be adhesively 
attached to its outer coverings. 

U.S. Patent No. 5,313,967, to Lieber et al., shows a medical device, a 
portion of which is a helical coil which apparently may include an outer plastic 
sheath in some variations. Apparently, a secondary helix of a somewhat similar 
design (in that it is formed by rotating a flat wire or the like along its longitudinal 
axis to form a screw-like configuration) is included within the helical coil to 
provide axial pushability and torque transmission. 

U.S. Patent No. 5,405,338, to Kranys, describes a helically wound catheter 
incorporating a shaft component having a helically wound coil with a skin or 
webbing supported by the coil. The skin or webbing is said to contribute 
"negligibly to the resistance of the catheter to axially directed compressive 
forces..." The catheter may include an inner, taut skin component. 

The PCT application, WO 93/15785, to Sutton et al., describes kink- 
resistant tubing made up of a thin layer of an encapsulating material and a 
reinforcing coil. As is shown in the drawings, the supporting material is 
embedded within the wall of the tubing in each instance. 

The PCT application bearing the number WO 93/05842, to Shin et al., 
shows a ribbon-wrapped catheter. The device is shown as a section of a dilatation 
catheter. The inner section 34 is a helically wound coil and is preferably a flat 
wire. See, page 6, lines 25 and following. The coil is then wrapped with a heat- 
shrunk jacket 34 formed of low-density polyethylene. A lubricious material such 
as a silicone coating may then be placed on the inner surface of the spring coil to 
"enhance handling of the guidewire". It is also said, on page 6 of the document, 
that the "entire spring coil, before it is wound or jacketed, may be coated with 
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Other materials such as Teflon to enhance lubricity or provide other advantages. 
In some embodiments, the spring coil has been plated with gold." 

Endoscope Stnictiirft^ 

Various endoscopic structures, used primarily in sizes which are larger 
than endovascular catheters utilize structures including stiffener materials. 

U.S. Patent No. 4,676,229, to Krasnicki et al., describes an endoscopic 
structure 30 having an ultra-thin walled tubular substrate 3 1 formed of a lubricious 
material such as TEFLON. The structure contains a filament supported substrate. 
The filament is coated with and embedded into a filler material, typically an 
elastomeric material. A highly lubricious outer coating 35, all as shown in 
Figure 2, forms the outer layer of the device. Figure 3 in Krasnicki et al., 
describes another variation of the endoscopic device in which a different selection 
of polymer tubing is utilized but the placement of the filamentary support remains 
varied in an intermediate material of an elastomer. In some variations of the 
device, the filament is strongly bonded to the inner tubular substrate using an 
adhesive 37 "such as an epoxy cement having sufficient bond strength to hold the 
filament to the substrate as it is deformed into a tight radius." See, column 3, 
lines 50 and following. 

U.S. Patent No. 4,899,787, to Ouchi et al. (and its foreign relative, German 
Offenlegungshriffi DE-3242449) describes a flexible tube for use in an endoscope 
having a flexible, basic tubular core structure made up of three parts. The three 
parts are an outer meshwork tube, an intermediate themioplastic resin tube bonded 
to the outer meshwork tube, and an inner ribbon made of a stainless steel or the 
like which is adherent to the two polymeric and meshwork tubes such that the 
resin tube maintains an adherent compressive pressure in the finished flexible 
tube. The patent also suggests the production of an endoscope tube having 
"flexibility which varies in step- wise manner ftom one end of the tube to the other 
. . . [and is produced] by integrally bonding two or more thermoplastic resin tube 
sections formed of respective resin materials having different hardnesses to the 

- 10 - 
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outer surface of the tubular core structure . . See, colunm 2, lines 48 and 
following. 

U.S. Patent No. 5,180,376 describes an introducer sheath utilizing a thin, 
flat wire meial coil surrounded only on its exterior surface with a plastic tube of 
coating. The flat wire coil is placed there to lower the "resistance of the sheath to 
buckling while minimizing the wall thickness of the sheath." A variation using 
two counter-wound metal ribbons is also described. 

European Patent Application 0,098,100 describes a flexible tube for an 
endoscope which uses a helically wound metallic strip having a braided covering 
contiguous 10 the outer surface of the coil and having still further out a polymeric 
coating 9. Interior to the coil is a pair of slender flexible sheaths which are 
secured to a "front-end piece 10" by soldering. 

Japanese Kokai 2-283,346, describes a flexible endoscope tube. The 
tubular outer shell is made up of two layers of a high molecular weight laminated 
material. The tube also has an inner layer of an elastic material and interior to it 
all is a metallic ribbon providing stiffening. 

Japanese Kokai 03-023830, also shows the skin for flexible tube used in an 
endoscope which is made up of a braid 3 prepared by knitting a fine wire of a 
metal with a flexible portion 2 which is prepared by spirally winding an elastic 
beh sheet-like material and a skin 4 with which the whole outer surface of the 
device is covered. The document appears to emphasize the use of a particular 
polyester elastomer. 

Japanese Kokai 5-56,910, appears to show a multi-layered endoscope tube 
made up of layers of the spiral wound metallic ribbon covered by a polymeric 
sheath. 

French Patent Document 2,613,23 1, describes a medical probe used with 
an endoscope or for some other device used to stimulate the heart. The device 
appears to be a helix having a spacing between 0 and 0.25mm (See page 4, line 
20) preferably rectangular in cross section (See Page 4, Line 1) and of a multi- 
phase alloy such as M35N, SYNTACOBEN, or ELGELOY (See Page 4). 
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Gennan Offenlegungshriffi DE.3642107 describes an endoscope tube 
fonned of a spiral tube, a braid formed of fibers interwoven into a net (which ' 
braid is fitted on the outer peripheral surface of the spiral tube), and a sheath 
covering the outer peripheral surface of the braid. 

None of the noted devices have the structure required by the claims recited 



herein 



Plher Anli-lrintino rnn<jy,^^- 

U.S. PaK„, No. 5^22,949, «, Kaldan,, describes a tube in «hich a number 

b-Kis b. tattgnued fatt, Ae wall of fte cafteur. a of meftods for 
producing the bands ta the tubular wall are disc«ss«i n«se methods include 
penodically i,radi«iag the wall ,„ p^duc. bands of a higher integtal of cross- 
linking. 

European Patent Application No. 0,421,650-Al describes a method for 
producing a catheter from a roll of polymer film while inconK)rating other 
materials such as tinfoil elements or the like. 

None of the documents cited above provides a stmcttire required by the 
disclosure and claims recited below, particularly when the flexibility and ability to 
resist kinks is factored into the physical description of the devices. 

SUMMARY np 7^ n-nrrmnn 

This invention includes a catheter section made up of an imier liner and an 
outer covering and having a super-elastic alloy ribbon braid located between the 
linerandthecovering. The im^er liner may be of a polymeric composition. Uc 
inner liner and the outer covering, should they be adjacem the braid and both 
polymeric, may be selected from polymers which are melt-compatible or melt- 
miscible witii each otiier. In tius way. adjacent polymeric layers hold fast to the 
braid located between them. Such a combination of polymers although desirable 
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is not critical to the inventive concept. The inner liner may also be a helical coil 
of ribbon or wire. 

The super-elastic alloy braid is, in its most basic form, a braid comprising 
a number of small super-elastic alloy ribbons woimd and treated in such a way 
that the resulting braid is dimensionally stable and the braided ribbons do not 
twist. The more basic forms of braids used in this invention include those which 
are made up of an even number of equally sized ribbons. Half of the ribbons are 
woven in a clockwise direction (as viewed along the axis of the braid) and the 
remaining half of the ribbons are woven in a counterclockwise direction. The 
various ribbons may, of course, be of differing size but the sum of the ribbons 
used in a particular direction should equal those wound in the other direction. 
Any imbalance will typically cause a helical curl in the resulting catheter. The 
super-elastic alloy of choice is one known generically as nitinol. Nitinol is an 
alloy of nickel and titaniimi which is blended and heat treated in a specific way to 
produce an alloy having exceptional resistance to plastic deformation upon 
physical strain. In addition to nickel and titanium, preferred compositions of the 
alloy may contain a modest amoimt, up to about 5%, or up to about 8%, of an iron 
group metal. Especially desired are temary alloys containing at least about 1 .5% 
(wt) of one or more alloying members selected from the group consisting of 
vanadium, chromium, manganese, iron, and cobalt, and particularly chromium or 
iron. The catheter section may additionally have other various layers of polymeric 
covering and liners as well as metallic tubing members desirably of braid or 
helical coils. Especially preferred liners comprise polytetrafluoroethylene (TFE) 
polymer. Hydrophilic coatings both on the interior and exterior are additionally 
contemplated. 

The kink resistance of the catheter section is due to the presence and 

composition of the braid in cooperation with the tightly held polymers. In 

addition to exceptional kink resistance, the catheter section may be made in such a 

way that the wall is extraordinarily thin, particularly when compared to walls of 

catheters having equal strength but made solely of polymeric materials. The 
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catheter section additionally is very resilient in that, unlike virtually any other 
commercial catheter, should the catheter section be kinked, the kink is self- 
healing. This resiliency means that the catheter need not be withdrawn from a 
patient's vasculature simply because the catheter has inadvertently kinked. Simple 
movement of the catheter will cure the kink. Kinking minimization is a matter of 
concern with many catheters in the marketplace today. 

This invemion additionally includes catheter sections with braids having 
more than one pitch or diameter or braid density in a section. The stiffiiess of the 
catheter section may be varied continuously by continuously varying the pitch or 
in a stepwise fashion by stepwise varying the pitch. The pitch may be varied 
during production of the braid or by changing the diameter of the braid after 
production. The braid may be partially constnicted of polymeric fibers or carbon 
fibers either replacing a portion of the metallic ribbons or polymeric materials or 
placed in conjunction with a ribbon in the braid. Other metals, e.g., noble metals 
such as members of the platinum group or gold, may be used in the braid itself in 
much the same way to impart radio-opacity to the braid. To tailor the stififeess of 
the braid, the braid may first wound and portions of the ribbon then removed. 

The catheter section of this invention may be used as a catheter assembly 
by itself- obviously in conjunction with such necessary and ancillary 
components as a Lueriock and some manner of providing radio-opacity to the 
catheter. The catheter section of this invention may be used in nose-to-tail 
configuration with other catheter sections of similar configuration or with catiieter 
sections made in some other fashion. 

The catheter section may be used in a catheter assembly having at least a.) 
a more distal section made up preferably of an inner liner and an outer covering 
and having a super-elastic alloy braid located between the liner and interior to the 
outer covering and b.) a more proximal section comprising a stiff polymeric or 
metallic tubing member, possibly witii an inner lubricious liner. Other sections of 
these or otiier designs may be placed variously between tiie noted sections or 
distal of the distal braided section noted above. 

- 14 - 



wo 96/33763 



PCTAJS96/05839 



RRTFF PFSCRIPTION OF THK DRAWTNGS 
Figure 1 shows, in side view, a typical three-section catheter made using 
the concepts of this invention. 
5 Figures 2, 3, 4, 5, and 6 show, in magnification, partial cross*sections of 

the inner portion of a catheter sections made using this invention. 

Figures 7, 8, 9, 10, 1 1, and 12 show, in magnified cross-section, various 
catheters having sections of differing stiffiiess. 

Figures 13, 14, and 15 show, in magnified cross-section, various distal 
1 0 end sections of catheters. 

Figure 16 shows, in magnification, partial cross-sections of the inner 
portion of a catheter section using this invention. 

Figure 17 show, in magnified cross-section, a catheter having sections of 
differing stiffiiess. 

1 5 Figures 1 8A and 1 8B show details of a method for determining "critical 

bend diameter" for a catheter section. 

DFSCRTPTION OF THF. TNVENTION 
This invention includes a kink-resistant catheter section containing at least 
20 an inner liner and a flexible outer member having a super-elastic alloy, ribbon 

braid located between the inner and outer members. The invention includes 
catheters comprising at least one such catheter section. The catheter section is 
configured so that it desirably has a critical bend diameter of no more than about 3 
mm., preferably no more than 2 mm., and most preferably no more than 1 mm. 
25 Desirably, the catheter section self-recovers at least 95% of its original 

"straightness" after it has been subjected to kinking. 

A typical multi-section catheter (100) which may incorporate the concepts 
of this invention is shown in Figure 1. Such a catheter is described in more detail 
in U.S. Patent No. 4,739,768, to Engelson, (the entirety of which is incorporated 
30 by reference) and is particularly suitable for neurological and peripheral vascular 
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apphcations. Clearly, ib^ i, is also suitable for less d«,«„ding service sueh as 
migh, be «,com^ in access and acaanen, of tte heart One difficulty which 
has arBen as higher demands for lengft have been placed on these catheters is that 
fte diameter of the disul section necessarily becomes smaller and smaUer This is 
so smce fl,e longer catheters must reach ever smaUer vascular a,«s. TOs smaller 
diameter tequires a concomitant thimiing of the wall section. TTte thinner section 
walls may kink or ripple when actively p„sh«l along the guidewi« or when vaso- 
occlusive devices are pushed through the catheter's lumen. The typical 
confguration shown in Figure I has a distal section (102) having significant 
fleMWtty. an intemtediate section (104) which is typically less flexible, and a 
long ptoximal section (1 06) which in nm, is least flexible. Tl« distal section 
(102) is flexible and sofiti, allow deep penetration of flK extraordinary 
convolutions of U„ n«aological vasculamre without tiauma. Various known and 
often «=cessao, accessories to the caflKter assembly, e.g., one or more radio- 
opaque bands (108) at tite distal region to allow viewing of tite position of tite 
distal region under fluoroscopy and a luer assembly (1 10) for guid«vi,e (1 12) and 

fluids access, are also shown in Figure I . The typical dimensions of tins catiteter 

are: 



60-200 cm 

Proximal Section (106): ^o-lSOcm 
Intemiediate Section (1 04): 20-50 
Distal Section (102): 2.5-30 cm 

Obviously, these dimensions are not particularly critical to this invention 
and are selected as a function of the malady treated and its site within the body 
Typical of the catheters made using this invention aie those in the 2 French to 5 
French range. The inner diameter of such catheters is then 10 mils to 42 mils. 

Furthermore, a catheter made using this inventive concept need not be of 
three sections increasing stiffness as is shov^ in Figure 1 . Tl,e catheter may be of 
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two discrete sections or may be of four or more discrete sections of differing 
flexibility. Through judicious choice of physical parameters for the catheter 
sections, the components may also have varying physical parameters (e.g., 
lubricity, flexibility, wall thickness, inner or outer layer member composition, 
etc.) within the sections. 

Typically, although not necessarily, when a three section catheter is 
desired, the most proximal section (106) is the "more proximal" or "stifT' section 
described herein. Again, although not necessarily, when a three section catheter is 
desired, the most distal section (102) is the "more distal" or "least stiff' section. 
The mid section (104) may be braided and referred to as "more distal" if the 
situation warrants it. It is a rare infusion catheter that utilizes a more distal section 
which is stiffer than any of its more proximal sections. 

An additional benefit of the invention is that the use of the super-elastic 
alloy braid permits the walls of the catheter to be comparatively thinner with no 
diminution of performance, e.g., crush strength or flexibility, and may provide an 
improvement in performance. 

Figure 2 shows a magnified partial cross-section of a catheter body or 

section (200) showing the most basic aspects of one variation of this invention. 

As shown there, the catheter body section has an outer covering member (202) 

and an inner liner member (204). Situated between outer member (202) and inner 

member (204) is braid member (206). As shown in Figure 2, both outer member 

(202) and inner member (204) are polymeric. They are desirably selected of 

materials which tack to each other upon heating. They may also be melt-miscible. 

In some instances, they may contain components which act in the manner of 

adhesives, but such is not necessary. Typiceilly, for the simple variation shown in 

Figure 2, the outer covering member (202) is of a material which is heat- 

shrinkable (e.g., low density polyethylene) or may otherwise be coated onto the 

structure (e.g., polyurethanes) onto the inner member (204) and the braid (206), 

Preferred polymeric materials for the inner liner include polyethylene, 

polypropylene, polyvinyl chloride (PVC), ethyl vinyl acetate (EVA), 
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polyurethanes, polyamides, polyethylene terephthalate (PET), and their mixtures 
and copolymers. Preferred materials fiirther include the lubricious polymers such 
as fluoropolymers such as polytetrafluoroethylene (PTFE or TFE), ethylene- 
chloronuoroethylene (ECTFE), fluorinated ethylene propylene (FEP), 
polychlorotrifluoroethylene (PCTFE). polyvinylfluoride (PVF), or 
polyvinylidenefluoride (PVDF). Especially piefeircd is TFE. 

We have found that when a fluorinated polymer is used as the imier tubing 
member, it is usefiil to etch the outside surface of the member to provide a good 
mechanical surface (with "tooth") to which the adjacem polymers will adhere. 
Certain procedures using, for instance, aliphatic hydrocarbons and sodium metal 
as the etching solution are known to be effective in such service. 

Another useful class of polymers are themioplastic elastomers, including 
those contaming polyesters as components. Typical of this class is HYTREL. 
Additionally, an adhesive may be coated onto the outer surface of the imier liner 
tubing. Polyesters and polyimides, in particular, are suitable as adhesives. 

An outer covering of polyethylene or of EVA or their mixtures, 
copolymers, etc. are excellem choices for the outer covering member. The 
polymer to be used as the outer covering is typically extruded into a tubing of 
appropriate size and thickness and then cross-linked to raise the melt temperature 
of the resulting tubing. The tubing is then inflated and perhaps stretched to give 
the included polymer a specific molecular orientation. The tubing, so treated, may 
then be slipped over the combination of inner liner (204) and braid (206) and heat 
shrunk into place. 

A variety of other polymers may be used, depending upon the use to which 
the catheter section is placed. For instance, if the section (200) is used as a 
proximal section, the outer tubing may be a polyimide. polyamides (such as the 
Nylons), high density polyethylene (HDPE). polypropylene, polyvinylchloride. 
various fluorocarbon polymers (for instance: PTFE, FEP, vinylidene fluoride, 
their mixtures, alloys, copolymers, block copolymers, etc.). polysulfones, or the 
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like. Blends, alloys, mixtures, copolymers and block copolymers of these 

materials are also suitable if desired. 

If a more flexible section is required, the outer tubing member (202) may 

also be of a member selected from a more flexible material such as polyurethanes, 
5 low density polyethylene (LDPE), polyvinylchloride, THV, etc. and other 

polymers of suitable softness or a modulus of elasticity. 

Figure 2 shows the results of either a heat-shrinking the outer tubing 

member (202) onto the assembly of inner Imer tube (204) and braid (206). 

Contact regions between the outer covering member (202) and inner liner member 
10 (204) are shown in the interstices between the open weave of the braid (206). 

Although the open area between turns of the braid is not absolutely necessary as a 

means of allowing contact between the inner liner (204) and the outer covering 

(202), such is quite desirable. Furthermore, when the outer covering member 

(202) is placed on the outer surface of the catheter section (200) by dipping the 
1 5 inner assembly of braid (206) and inner member (204) into a molten or latex 

liquid, the contact is inevitable. 

We have foimd that when using polyurethane as either the outer covering 

member (202) perse or as an inner portion of the outer covering member (202) 

(e.g., beneath a polyethylene layer), a suitable method for applying the 
20 polyurethane to the braid entails placemoit of a polyurethane tubing over the 

braid, placement of a polyethylene "shrink-wrappable" tubing over the 

polyurethane tubing, and heating the combination to pull the polyurethane down 

to the braid surface using the polyethylene tubing as the mover. The polyethylene 

may be removed or left in place. 
25 The wall thickness of the outer tubing member (202) may be as thin as 0.5 

mils, and as thick as 10 mils., depending upon catheter usage, section of the 

catheter chosen, polymer choice, and style of catheter. 

Typically, a wall thickness of the inner liner (204) will be between 0.5 and 

3.0 mils. These dimensions are obviously only ranges and each catheter variation 
30 must be carefiilly designed for the specific purpose to which it is placed. 
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Ead. of th. polymers noted herein may be used in eonjunction wift ^iio- 
opaque fUler materials sucl. as barium sulfete, bismuth trioxide, bismuth 
carbotBte. powdeted tungsten. powder«l tantalum, or the like so d«t the location 

ofvarious portions ofthe catheter sections may be mdiopq-hically visualized ' 

within the human body. 

As will be discussed below, it is within the scope of this invention to have 
multiple polymeric layers exterior of the braid (206) as u^U as multiple polymeric 
liner members interior to braid (206). Furthermore, it is within the scope of the 
mvention to include multiple braids and/or flat ribbon coils between or amongst 
the various polymeric layers. 

It is also within the scope of this invention to coat at least one of the 
exterior surface of outer member (202) and the inner surface of imier liner (204) 
with a lubricious layer, which either is chemically bonded to the layer or is 
physically coated on the relevant surface. A description of suitable procedu^ for 
producing such lubricious coatings is found at U.S. Patent Application Nos 
08/060.401 ("LUBRICIOUS CATHETERS"), filed 5/12/93; 08/235 840 
(METHOD FOR PRODUCING LUBRICIOUS CATHETCRS"). filed 4/29/95- 
and 08/272.209 ("LUBRICIOUS FLOW DIRECTED CATHETER"), filed 
7/8/94. the entirety of which are incorporated by notice. The metallic braid (206) 
shown in Figure 2 is made up of a number of metallic ribbons. A majority of the 
metallic ribbons in braid (206) are of a member of a class of alloys known as 
super-elastic alloys. 

Preferred super^lastic alloys include the class of titanium/nickel materials 
known as nitinol - alloys discovered by the U.S. Navy Ordnance Laboratory. 
These materials are discussed at length in U.S. Patent Nos. 3,174,851 to Buehler 
et al., 3,351,463 to Rozner et al.. and 3.753.700 to Harrison et al. Commercial 
alloys containing up to about 5% or up to about 8% or more, of one or more other 
members of the iron group, e.g.. Fe. Cr. Co, are considered to be encompassed 
within the class of super-elastic Ni/Ti alloys suitable for this service. Most 
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preferred are alloys containing 1 .5-2.5% Cr and having a transition of less than 0 
degrees C. 

When using a siqier-elastic alloy, an additional step may be desirable to 
preserve the shape of the stiffening braid. For instance, with a Cr-containing 
Ni/Ti super-elastic alloy which has been rolled into a 1 x 4 mil ribbon and formed 
into a 16-member braid, some heat treatment is desirable. Braids which are not 
treated in this way may unravel during subsequent handling or may undertake 
changes in diameter or braid member spacing during that handling. In any event, 
the braid is placed onto a mandrel, usually metallic, of an appropriate size. The 
braid is then heated to a temperature of 650'-750'F for a few minutes, possibly 
(but not necessarily) annealing the constituent ribbon. After heat treatment, &e 
braid retains its shape and the alloy retains its super-elastic properties. 

Metallic ribbons (202 and 206) that are suitable for use in this invention 
are desirably between 0.25 mil and 3.5 mil in thickness and 2.5 mil and 12.0 mil 
in width. By the term "ribbon", we intend to include elongated shapes, the cross- 
section of which are not square or round and may typically be rectangular, oval or 
semi-oval. They should have an aspect ratio of at least 0.5 (thickness/width). In 
any event, for super-elastic alloys, particularly nitinol, the thickness and width 
may be at the lower end of the range, e.g., down to 0.30 mil and 1.0 mil, 
respectively. Currently available ribbons include sizes of 0.75 mil x 4mil, 1 mil x 
3 mil, 1 mil x 4 mil, 2 mil x 6 mil, and 2 mil x 8 mil. 

The ribbons making up the braid (206) shown in Figure 2 may also contain 
a minor amount of non-super-elastic alloy materials. Although metallic ribbons 
are preferred as the ancillary materials because of their strength-to-weight ratios, 
fibrous materials (both synthetic and natural) may also be used. Preferred, 
because of cost, strength, and ready availability are stainless steels (SS304, 
SS306, SS308, SS316, SS318, etc.) and tungsten alloys. In certain applications, 
particularly smaller diameter catheter sections, more malleable metals and alloys, 
e.g., gold, platinum, palladium, rhodium, etc. may be used. A platinum alloy with 
a few percent of tungsten is preferred partially because of its radio-opacity. 

- 21 - 



wo 96/33763 



PCT/US96/0S839 



Suitable non-metallic ribbons include high perfonnance materials such as 
those made of polyaramids (e.g., KEVLAR) and carbon fibers. 

The braids utilized in this invention may be made using commercially 
available tubular braiders. The term "braid" is meant to include tubular 
constructions in which the ribbons making up the construction are wovoi radially 
in an in-and-out fashion as they cross to form a tubular member defining a single 
lumen. The braids may be made up of a suitable number of ribbons, typically six 
or more. Ease of production on a commercial braider typically results in braids 
having eight or sixteen ribbons. 

The braid shown in Figure 2 has a nominal pitch angle of 45*. Clearly the 
invention is not so limited. Other braid angles from 20' to 6Qr are also suitable. 
An important variation of this invention is the ability to vary the pitch angle of the 
braid either at the time the braid is woven or at the time the braid is included in 
the catheter section or sections. 

Finally, the inner liner may be of a helically wound coil of wire or ribbon. 
The composition of the coil may be of any of the materials listed above for use in 
constructing the braid. The preferred materials for this metallic version of catheter 
section inner liner are the super-elastic alloys (especially the noted group of 
nitinols), stainless steels, and the radio-opaque metals and alloys (for instance, 
platinum alloys, especially platinum alloys with tungsten). These metallic liners 
may be made in the manner specified in detail in U.S. Application No. 08/266,540 
"Kink-Free Spiral Wound Catheter", filed June 27, 1994 and in U.S. Application 
No. 08/338,018 "High Performance Spiral Wound Catheter", filed November 10, 
1 994, the entirety of which are incorporated by reference. 

Figure 3 shows a variation of the invention in which the braid (206) is 
used in a catheter section (208) having two portions of different diameter. The 
larger diameter portion (210) utilizes the braid with a nominal braid angle of 45 
degrees and a smaller diameter portion (212) in which the same braid has a braid 
angle of 30 degrees. This diminution in catheter diameter may be accomplished in 
a number of different ways. For instance, inner liner (214) may be sized with two 
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different diameters in the respected different portions (210 and 212) of the 
catheter section. The braid (206) may then be stretched axially as it is placed 
upon that liner. When the outer covering (216) is placed on the braid (206), the 
braid (206) vdll retain its multi-diameter configuration. This variation has the 
5 benefit of being quite simple in construction and yet provides a variety of different 

flexibilities to the catheter section without a significant change in the materials of 
construction. 

Figure 4 shows a variation of the inventive catheter section (201) having a 
tapered section (203). The braid (205) changes its pitch fi-om one end of the 

1 0 tapered section (203) to the other. Judicious choice of polymers allows a smooth 

transition from the larger adjacent section (207) to the smaller (typically) more 
distal section (209). The transition section (203) found in Figure 4 is especially 
useful in catheters which are used to incorporate high flows of liquid material 
(when the catheter is used for treatment or diagnosis) or which are used for 

1 5 placement of vaso-occlusive devices (such as coils having inherent secondary 

structure as are found in U.S. Pat. No. 4,994,069, to Ritchart et al). The smooth 
transition allows the catheter to be used with ease due to the lower friction through 
the joint. 

Figure 5 shows another variation of the inventive catheter section (218) in 
20 which the braid is constructed of ribbons of different width. In this instance, the 

section (218) includes a braid having a wide ribbon (220) and a narrower ribbon 
(222). As noted above, it is desirable to balance the size and types of ribbons 
woven in each direction. As also noted above, these various ribbons should be, in 
the main, super-elastic alloy. However, they may be fibrous materials such as 
25 Kevlar or materials of other metals or alloys such as stainless steel. However, to 

accomplish the benefits of the invention, the major portion of the ribbons making 
up a braid should be super-elastic alloy. 

The variations shown above have each shown a single-ribbon wind. 
Single-ribbon winds permit the braid to contain the maximum amount of open 
30 area between ribbons in the braid. However, the catheter section need not be 
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made with a single wind. Figure 6 shows a variation of the inventive catheter 
section (226) in which the braid (228) was woven using a double-ribbon wind. In 
this variation, a pair of ribbons is placed side by side and treated as the single 
ribbon was in the variations described in Figures 2-5 above. This variation 
produces a braid which is denser than the single-ribbon wind. It is also thicker. 
Typically, the regions between adjacent winds are smaller. The invention 
described herein is intended to encompass multiple-wind braids. However, some 
of the benefits of tiie invention are diminished as the density of the ribbons in tiie 
catiieter section is increased. That is to say that tiie stifihess of tiie catiieter 
section substantially increases as tiie number of ribbons used m a multiple-ribbon 
weave is increased The catiieter sections shown in Figures 2, 3, 4, 5 and 6 may 
be combined in a variety of manners to produce a composite catiieter assembly. 
As mentioned above, tiie typical vascular catiieter is made up of a number of 
sections, typically each more flexible tiian tiie section more proximal. 

Figures 7-13 show various ways to utilize the catiieter sections of tiiis 
invention in producing a catiieter witii sections of differing stiffiiess. In Figure 7, 
catiieter assembly (224) uses a single lengtii of braid (226) extending from tiie 
proximal end of tiie catiieter assembly (224) tiiroughout tiie proximal section of 
the catiieter (228) and throughout the midsection of tiie catiieter (230). The distal 
section of tiie catiieter (232) does not have braid (226) witiiin. The difference in 
flexibility between proximal section (228) and midsection (230) lies in tiie fact 
tiiat tiie inner liner members (234) in midsection (230) and mner liner (236) in 
proximal catiieter section (228) are of differing moduli of elasticity. In tiiis 
variation, the outer layer (238) is a single piece of shrink-wrap tubing, e.g., 
polyetiiylene, which extends botii other tiie composite proximal end (228) and 
midsections (226). It extends to form tiie distal section as well. Such a catiieter 
design would be one desirable in neurological use, tiiat is, to reach into sites 
within the brain. 

Figure 8 shows another variation of a catheter assembly made using 

multiple layers of braided sections made according to the invention. This catiieter 
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assembly (240) uses a proximal section (242) made up of a number of layers but 
including an inner braid (244) and an outer braid (246). The inner braid (244) also 
extends down into and extends through the length of midsection (248). In this 
variation, the inner liner member (250) coextends, is coaxial with, and is internal 

5 to the inner braid (244), A middle layer of a polymeric tubing (254) extends from 

the proximal end of the catheter to the distal end of the catheter and forms the 
distal portion (252) of that catheter assembly. A further outer covering (256) 
covers braid (246). 

Designs such as shown in Figure 8 is one of exceptional stifihess in the 

10 proximal section (242). Although not critical for most neurological applications, 

such a catheter design has exceptional torque transmission. Such a catheter design 
may be desirable where a catheter is used for coronary or peripheral access. 

Another catheter design desirable for peripheral or coronary access is 
shown in Figure 9. In this variation, catheter assembly (260) includes a tubing 

1 5 liner (262) which extends throughout the complete catheter assembly (260) from 

proximal section (264) through midsection (266) to distal section (268). More 
importantly, the braid (270) also coextends the length of inner liner (262). 
Differences in flexibility for the respective sections are provided by the use of 
polymeric tubing members (272) for the proximal section (264) and midsection 

20 tubing member (274) for the catheter assembly midsection (266). The absence of 

additional polymeric members other than the outer polymeric covering (276) 
renders distal section (268) the most flexible. 

Figure 10 shows a preferred variation of the invention in v\*ich the braided 
member (275) is surrounded by an inner polyurethane layer (277) and an upper 

25 polyurethane layer (279). The innermost layer (28 1 ) is a tubular member 

comprised of TFE which preferably has been etched (as discussed above) so to 
provide a good bond with the adjacent polyurethane layer. The outermost layer 
(283) is also made of a polyurethane. The section (285) also is shown with a 
radio-opaque band (287) in the distal end. In such a variation, the various 

30 polyurethanes vary in hardness according to their position on the section. For 
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instance, the outermost layer (283) and the upper layer (279) might be one having 
a Shore 75A-85A hardness; the inner layer (277) might be a Shore 55D 
polyurethane or the like. Various spacers and adhesives have been omitted from 
the depiction of the variations to simplify those drawings. 

Figures 1 1 and 12 show cross-sectional, partial cutaways of catheter 
assemblies utilizing braided catheter sections joined to more distal catheter 
sections made in other ways. In the variation shown in Figure 11 , a coil (282) is 
placed in the more distal portion of the catheter assembly. It abuts the single-layer 
of braid (284) axially. Similarly, in Figure 12, a ribbon (286) is used in the distal 
portion (288) of catheter assembly (290). The braid is used only in the remaining 
portion of the catheter assembly (290). 

Figures 1 3 and 14 depict other embodiments of the invention in which 
various distal sections are integrated into a section of a catheter having a braid 
member as is discussed above. For instance. Figure 13 shows a variation (300) of 
the invention in which the braid (302) is sandwiched between two polymeric 
layers, the outer layer (304) and the inner layer (306). Distal to the braided 
section is a section (308) having an interior surface feature comprising a hard or 
lubricious polymeric strand (310) helically wound to provide a contact surface for 
guidewires and the like as they pass through the distal catheter lumen. The 
helically wound interior strand (310) may be embedded into the exterior polymer 
(304) or otherwise adhered to the catheter distal portion. It is preferable to embed 
more than about half of the strand (3 1 0) into the surrounding polymer (304) so to 
prevent that resulting surface from catching the guidewires and other devices 
during their passage. A highly preferred polymer for the sfrand (310) is 
polytetrafluoroethylene and other similar polymers. 

Figure 14 shows another variation of the inventive catheter using a largely 
polymeric tip section but configured to resist kinking in a way different than that 
found in conjunction with the braid reinforced catheter section. 

Figure 14 shows a distal section having a single radio-opaque marker 
(302). The presence of a comparatively inflexible radio-opaque marker in tiie 
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typical extremely flexible distal section represents an exceptional challenges in 
producing a kink-resistant tube. The challenge is especially acute when the two- 
marker variation is considered. Under high flexure, the region just adjacent the 
markers is likely to kink and then bind upon advancement of the relatively rigid 
vaso-occlusive devices, particularly when the diameter of the vaso-occlusive 
device is close in size to the inner diameter of the open lumen. The use of a single 
layer of a polymer (often a polyethylene shrinkable tubing) which is flexible 
enough to function effectively as a distal section for tracking through the cerebral 
vasculature often is insufficiently strong to maintain its interior shape in the 
critical region near the radio-opaque markers. Increasing the thickness of the 
layer to alleviate the kinking problem raises the stiffiiess of the section often to 
marginally unacceptable levels. By combining two layers of closely matched 
tubing materials in an overall thickness typically no greater than the thickness of 
the marker, the dual goals of enhanced kink-resistance and acceptable flexibility 
may be met especially when the abuts the marker rather than over- or under- 
lapping the marker. 

Figure 14 shows a distal section (322) having a single distal radio-opaque 
marker (320). In this instance, the single radio-opaque marker (320) is shown to 
be a coil although the marker may be a band. In this variation, the outer tubing 
(324) and the marker may be strengthened in this region of the catheter by the 
introduction of the thin inner stiffener layer (326). Also shown are a variety of 
spacer sections used to hold various components in place during assembly and to 
maintain those position during later use. These sections are the distal radio- 
opaque coil marker spacers (328 and 330) and the transition spacer (332) between 
the distal section of the catheter and the midsection (334) containing the braid 
member (336). The inner liner (338) in that midsection (334) is also shown. In 
some instances, it may not be necessary to utilize an independent midsection but 
instead a single proximal section may abut the transition spacer (332). 

Although the outer layer (324) may be of a wide variety of materials such 
as polyurethanes, polyvinyl chloride, LDPE, LLDPE, the outer layer (324) is 
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desirably a shrinkable tubing having an EVA content of at least 7-10% EVA, 
preferably 12-20% and a waU thickness of 0.0005 to 0,010", preferably aboui 
0.003". nie inner liner (326) preferably is a similar composition but with a lower 
(or. preferably, no) EVA. Specifically, the preferred material is LLDPE or LDPE. 
The wall thickness of such tubuig may be 0.0005 to 0.0020". preferably about 
0.0015". 

The stiffeess of this combination of materials typically produces a 
lateral stiffiiess measured as an axial deflection force of no more than about 3.0 
gm. preferably no more than about 2.2 gm. This stifi&iess is measured by placmg 
a 3 cm. length of the section in a position nomial or directly peipendicular to a 
plate comiected to a meter capable of measuring force against the plate. TTie 
section is moved directly perpendicular to the measuring plate and the force 
measured. The measured force typicaUy increases to a plateau as the section 
bends against the measuring plate. The value of that measured plateau is value 
used in assessing the stiffiiess of the catheter section. 

Additionally, this catheter section exhibits comparatively high 
performance kink resistance, e.g.. the catheter section has a critical bend diameter 
of no more than about 6.0 mm, preferably no more about 4.0mm. 

It should be apparem that the outer layer (324) may also be applied by 
dipping the imier tubing layer (326) into a molten polymer bath or into a polymer 
dissolved in a solid or into a suspension or latex comprising the outer cover 
polymer. Obviously, the cover may be placed on the catheter by spraying or 
otherwise applying the material. Included in such a class are the polyurethanes, 
polysilicones, polyvinylpyrrolidone, etc. 

The cadieter section (322) may be coated or otherwise treated both inside 
and outside to increase their lubricity. 

The distal catheter section (322) noted in Figure 14 is especially suitable 
for use with the kink-resistant sections comprising braided members discussed 
above in those instances in which a metal containing distal tip is not optimum. 
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Figure 15 shows the use of a shaping mandrel in forming one of the distal 
tips (342) discussed above. It should be understood that although the majority of 
the preferred embodiments of the invention are both quite kink-resistant and quite 
flexible, it is within the purview of the generic concept of this invention that the 
distal tip of the catheter may be given a non-linear "pre-shape" sufficient to aid 
the movement of the catheter through the vasculature. The use of mandrel (340) 
also produces a very smooth inner surface in the catheter approximating the finish 
of the mandrel itself. Occasionally, the designer will need add a layer of 
polymer to enhance the stifihess of the section to allow maintenance of the tip 
shape during use. 

The catheter sections of this invention may be used in conjunction with 
other catheter portions which are more proximal to the individual sections 
discussed above. Figure 16, for instance, depicts, in partial cross section, a typical 
joint as might be found between a more-proximal section comprising metallic 
tubing and a braided more-distal section. In this instance, the more distal-section 
of the invention is adjacent the more-proximal catheter section of the invention. 
In particular, the braid (408) in the more-distal section (400) is soldered or welded 
or otherwise attached to the more-proximal segment (402). An outer covering 
(404) such as has been discussed above may be applied to the outer surface of 
both the more-distal section (400) and the more-proximal segment (402). The 
outer covering (404) may be a material of suitable flexibility and compatibility 
such as a polyurethane or low density polyethylene and obviously may be covered 
or coated with a lubricious polymeric material such as a hydrophilic polymer 
material, e.g., one containing polyvinylpyrrolidone. The more-distal catheter 
section (400), as well as the stiffer more-proximal section, may include a 
lubricious inner layer (not shown), e.g., a Teflon or similar, as has been discussed 
above. 

In the variation of this invention shown in Figure 1 1 , the use of metallic 

more-proximal sections (402) and metallic braids (408) in the more-distal section 

(404) and their junction via, e.g., a solder junction at (406), creates an electrical 
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jeca, ^ ^ ^ ^ ^^^^^ 

cv.„dc^^i„U.S.p«e„Ko.5,m,«a.d5,3H29,»Gu«Hein,a„. 

0»/430,744 by M,lk. filed April 28, 1995 "Delivcy Cahacr for 

El^m-lyticiy De^ch^l. tapl«,." ^ 29025.20,32.00) by 

Sh..dn.p. filed July 7. .995 ««ified "RF Oocl„si» De^ee and MeU,od- Tie 
«.|»^,ofeachisto»n»n«edby„fe™Ke. These devices operate in fte 
followng manner a vasosKclusive device which is attached u, die end of a 
c^ducfive co« wi. (via a sacrifici^ ,oi„,) is passed duough U» vascuU«u,e ™fil 
.<.es„eds,.ei„eached. ^l-vaso^usive device is « (or in) desired site, 
the sac^fica, join, « in comaa dte local b«iy fluid or a conductive fluid 
^g.. saline solmion, inOoduced tough c«h«er. A small elec«c cun™, is 
passed duough dte cor. ^, ^ , ^ ^ 

A currem .s passed ftrough fte core wire wid, d« expectation U.. d„ cu«n, will 
cause die s^rificia, join, benveen fl,e vaso^occlusive device ™«i d« disul fip of 
.he core wire .o e.ec.olydcal,y dissolve or disintegrate *e«by Seeing *e vas. 
occ,us,ve device. In U,. nvo Cgliehni e. .1 p«en.s. d„ cunen. -rennn" circuit is 
formed tough Ute blood and dtence u, a skin pateh attached .„ d,e cur™, s„pp„ 

so««e.TheMillscad«erus,sfl,ecadteterasa.en™iegofd.eelecttica,cirZi. 
-ed .0 electtolyically dissolve .he sacrificial link u> d,e vaso^occlusive device 

^ The catheter assembly shown » Rg-re 16 is used in such a system as dte 

renm. conductor much in the same way as is dteconductor in Mill, caUteter 
Specifically, Figure 16 shows at the distal-most portion of U,e section (400) a ' 
senes of small ports (410) tough outer wall covering (404). These small ports 
(410) ate often no more tbm about 0.006" in diameter bm allow access of the 
body fluid to the metallic braid (408) to fom, a portion of tite citcuit. Also shown 
a« two tadio^opaque bands (412), of e.g., platinum, to allow mote certata 
vsualization of the cadteter tip during Ute ptocedure. Although the mner liner is 
"0. required in all procedures usmg this cadte.« ass«nbly, when a vaso-occlusive 
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device such as those described in the Guglielmi et al, Scheldrup, and Mills 
documents is used, the liner is highly desirable as an insulator so to isolate the 
core wire electrically from the metallic braid and further to isolate the electrolytic 
or electrical activity at the sacrificial joint. 

It should be noted that in situations such as described above in which the 
braid (4308) is used as a conductor, it may be desirable to include a better 
conductor, e.g., gold, silver, copper, platinum, as one or more of the ribbons 
making up the braid. Similarly, the super-elastic alloy ribbons may be plated with 
such a conductor so to improve the conductivity of the braid/metallic tube 
assembly. 

Again, it should be emphasized that the use of the open ports (410) and the 
overall conductivity of the assembly is not necessary to this variation of the 
invention. The metallic more-proximal section (402) may be used simply as a 
stiff proximal portion if the designer so desires. 

Figure 17 depicts in partial cross-section another variation of the invention 

in which a more-distal segment (430) is attached to the more-proximal segment 

(432) via a conical or scarf joint (434). In this variation the depicted sections have 

a common lubricious inner layer (436), e-g., a Teflon or similar, as has been 

discussed above. This inner layer (436) is optional and need not be found in each 

such segment. Nevertheless, the inner layer provides a for a number of benefits: it 

may form the cover for a mandrel upon which the adjacent layer (438) and then 

upon which the braid (408) may be wound or braided. As noted, the inner layer 

may be omitted, particularly in the more proximal region (432) since the majority 

of materials which are suitable for the more proximal section are very "hard" and 

suitably slippery for passage of guidewires and the like. The more-proximal 

section (432) may be a simple tubular member comprising unfilled, filled, or 

fiber-reinforced, tough, polymeric materials preferably having high flexural 

moduli. Examples generically include polyamides (Nylons 6, 66, 69, 610, 612, 

46, 1 1, and aromatic polyamides such as supplied by DuPont, Huls, etc.), 

polyamide-polyimides (such as those supplied by Amoco Performance Products), 
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polyimides (both themoset and thermoplastic), polycarbonates. LCP's, acetals 
(such as Dehin). and (preferably) stiffer polyolefins such as polypropylene or high 
density polyethylene, etc. 

To integrate the more proximal region (432) of the catheter assembly with 
materials found in adjacent regions, the choice of materials for the proximal 
section is desirably a polyamide which is melt-miscible with a polymeric 
component found in the next more distal segment. In this preferred instance, the 
more distal region (430) may(for instance) have a covering (440) of polyureUiane. 
a block copolymer of a polyether and a polyamide (e.g.. a Pebax), or a low 
durometer Nylon. Such polymers are melt miscible with the Nylon of the more 
distal section (432). The outer covering (440) and the more distal section (432) 
may be covered or coated with a lubricious polymeric material such as a 
hydrophilic polymer material. It is also highly desirable to choose a translucent or 
transparem polymer for this section to assist the physician in use of the catheter 
assembly. 

Again, it should be noted that although the exemplified catheter assemblies 
in the Figures utilize only two or three sections, this invention is not so limited. 
The number of sections is selected by the designer when conceptualizing a 
specific use for a chosen device. Often, the optimum number of sections ends up 
being three simply because of the physiology of the human body, however, three 
or more may be involved in this invention. The sections additionally need not be 
of constant stiffness. They may also vary in stiffness - typically as the distal end 
of a section is approached, the section becomes more flexible. 

One test we utilize for critical bend diameter determination is shown 
schematically in Figures 18A and 18B. 

In general, as shown in Figure 1 8A, a catheter section (450) is placed 
between two plates (desirably of plastic or glass or the like for visibility) and often 
with an optional peg (455) to hold the catheter section loop (454) in place. The 
ends of the catiieter are then pulled until a kink appears in die body of the catheter. 
Alternatively, the ratio of die outer diameters (major diameterminor diameter) as 
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measured at apt\ (454) reaches a value of 1.5. Figure 1 8B shows the cross 
section of the catheter sector at (454) against the peg (455) and further shows the 
manner in which the major diameter and the minor diameter are measured. These 
two methods provide comparable results although the latter method is more 
repeatable. 

Many times herein. We refer to the "region" section of the catheter. Where 
the context permits, by "region" we mean within 15% of the point specified. For 
instance, "the distal region of the distal section" would refer to the most distal 
1 5% in length of the distal section. 

EXAMPLE 1 

We constructed a catheter having three regions of differing flexibility. The 
most distal region was the most flexible. The catheter was completely lined from 
proximal end to distal end. The braid extended from proximal end to distal end. 
The braid was woven from eight ribbons of a commercial nitinol alloy containing 
about 2% Cr (sold by Shape Memory Applications Co. of Santa Clara, CA.). The 
alloy had a thermal transition temperature (between austenitic and martensitic 
phases) of -lOT. The braid was placed on a 0.024" diameter stainless steel 
mandrel and heat-treated at 650-700T for 15-30 minutes to permit the braid to 
maintain its shape. A liner of a PTFE/FEP blend tubing was placed within the 
braid. The proximal section was covered with a tubing of Shore 72D 
polyurethane; the midsection was covered with a tubing of Shore 60D 
polyurethane; the distal section was covered with a tubing of Shore 85 A 
polyurethane. The polyurethane tubing members were of a commercial resin sold 
under the CARBOTHANE trademark. The resulting had a 0.038" O.D. The distal 
section had a critical bending diameter of 3mm. 

EXAMPLE 2 

We constracted a second catheter also having three regions of differing 
flexibility of the same polymers as the catheter in Example 1 . The most distal 
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region was fte most ftexiblc. to du. eo„,pk«,y ,i„ed 
ft»m proximal «„itodisttl end wiftamtoolribboa coil. n,. ribbon wasa I mil 
by 6 mil nitinol ribbon which was Ughtly wound, i.e.. «U, substanu^lj, no space 
be««n adjac«« turns. The b«id extend«l to proximal end u> distal »d 
ax.ally between the ribbon coil ami the polymeric outer cov«ing. Tie br^d was 
agatnw„v.nft,meightribbonsofthe.noymention«itoExampIel. Tleouter 
coveringwasof,hesamecomposi,ion,stheExampIelc«he.er. Theresulttag 
catheter had a 0.038" O.D. The distal section appeared to have a critical bending 
diameter of 2.5mm. 



™'='°^««''"'>« been described aui specific examples of the mvention 
have portrayed. HI* use of those specifics is no. intorfed to limit the invention in 
any way. Additionally, to the «t«a„,hat there are variations of ttte mvention 
which «e within tiie spirit of the disclosure and yet are equivalent to the 
inventions found in the claims, it is our intent that those clahns cover ftos. 
variations as well. 
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WE CLAIM AS OUR INVENTION: 

1 . A catheter section comprising: 

an elongate tubular member having a proximal end and a distal end 
and a passageway defining an inner lumen extending between those ends, 
comprising 

a. ) a braid member woven of a plurality of ribbons, at least a 
majority of which ribbons comprise a super-elastic alloy, and 
having inner and outer surfaces, and which said braid member 
extends along at least a portion of said lumen, 

b. ) at least one polymeric inner lining member interior to said braid 
member, and 

cO at least one outer covering member exterior to said braid 
member. 

2. The catheter section of claim 1 wherein the catheter section 
has a critical bend diameter of no more than 3.0 mm. 

3. The catheter section of claim 1 wherein the catheter section 
has a critical bend diameter of no more than 2,0 nun. 

4. The catheter section of claim 1 wherein the catheter section 
has a critical bend diameter of no more than 1 .0 mm. 

5. The catheter section of claim 1 wherein at least one of said 
at least one outer covering members comprise a polymer. 
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6. The catheter section of claim 5 wherein the polymers are 
selected from members selected from the group consisting of polyimides, 
polyamides, polyesters, polyethylene, polypropylene, polyvinylchloride, 
polyfluorocarbons, polyurethanes, polysulfones, and their mixtures, alloys, blends, 
copolymers, and block copolymos. 

7. The catheter section ofclaim 6 wherein said at least one 
polymeric inner lining member interior to said braid member comprises a 
polyfluorocarbon. 

8. The catheter section of claim 7 wherein said at least one 
polymeric inner lining member interior to said braid member comprises 
polytetrafluoroethylene. 



9. The catheter section of claim 8 wherein said at least one 
polymeric inner lining member interior to said braid member further comprises 
outer polyurethane lining member between said braid member and said 
polytetrafluoroethylene. 



1 0. The catheter section of claim 9 wherein said at least one 
outer polyurethane lining member interior to said braid member is in contact with 
said polytetrafluoroethylene. 

11. The catheter section of claim 8 wherein the section has a 
distal and a proximal end and said polytetrafluoroethylene extends between said 
distal and proximal end. 



1 2. The catheter section of claim 8 vv^erein the section has a 
distal and a proximal end and said braid extends between said distal and proximal 
end. 
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13. The catheter section of claim 1 wherein the super-elastic 
alloy comprises a nickel-titanium alloy. 

5 14. The catheter section of claim 1 wherein the super-elastic 

alloy comprises a nickel-titanium alloy further containing an alloying member 
selected from the group consisting of vanadium, chromium, manganese, iron, and 
cobalt 

10 15. The catheter section of claim 14 wherein the alloying 

member is selected from the group consisting of chromium and iron. 

1 6. The catheter section of claim 1 wherein a minority of the 
braid member ribbons comprise stainless steel. 

15 

1 7. The catheter section of claim 1 wherein a minority of the 
braid member ribbons comprise a member selected firom the group consisting of 
platinum, tungsten, gold, and their mixtures and alloys. 

20 1 8. The catheter section of claim 1 wherein a minority of the 

braid member ribbons comprise a polymer. 

1 9. The catheter section of claim 1 wherein a minority of the 
braid member ribbons comprise carbon fiber. 

25 

20. The catheter section of claim 1 wherein the inner liner and 
outer covering members are radiation sterilizable without substantial degradation 
of physical attributes. 
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21. The catheter section of claim 1 wherein the braid member 
has a braid pitch and that braid pitch is constant along the axis of the braid 
member. 

22. The catheter section of claim 1 wherein the braid member 
has a braid pitch and that braid pitch is not constant along the axis of the braid 
member. 

23. The catheter section of claim 1 wherein the braid member 
has an outer diameter and that outer diameter is not constant along the axis of the 
braid member. 

24. The catheter section of claim 1 wherein the braid member 
has an outer diameter and that outer diameter tapers along the axis of the braid 
member. 

25. The catheter section of claim 1 wherein at least a portion of 
the braid member ribbons are electrically conductive and the at least the 
polymeric inner lining member and at least one outer covering member have 
openings therethrough. 

26. The catheter section of claim I where the braid member 
ribbons have a thickness between 0.5 mil and 3.5 mil and a width between 2.5 and 
12.0 mil. 

27. The catheter section of claim 5 wherein at least one of the 
inner liner member and the outer covering member contains a radio-opacifier. 
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28. The catheter section of claim 1 wherein the section has a 
distal and a proximal end and said distal is formable into a nonlinear form using a 
mandrel and heat. 

5 29. The catheter section of claim 5 fiirther comprising more 

than one braid member located coaxially with respect to each other. 

30. The catheter section of claim 1 further comprising a 
removable, slidable guidewire placed interior to and in slidable relationship to 

10 said section. 

31. A catheter section comprising: 

an elongate tubular member having a proximal end and a distal end 
and a passageway defining an inner lumen extending between those ends, 
comprising 



15 



20 



a. ) a braid member woven of a plurality of ribbons, at least a 
majority of which ribbons comprise a super-elastic alloy, and 
having inner and outer surfaces, and which said braid member 
extends along at least a portion of said lumen, 

b. ) at least one fluorocarbon polymeric inner lining member 
interior to said braid member, and 



c.) at least one outer polyurethane covering member exterior to 
25 said braid member. 

32. The catheter section of claim 3 1 wherein said at least one 
polymeric inner lining member interior to said braid member comprises 
polytetrafluoroethylene. 
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33. Tl«c«het« section ofdam, 32 wherein said a. tot one 
poymenci™«,,i„ing„en.beri««rioM„saidb«id.e.be.fi«h.,^^^ 
ou«r p«,y„„U„„ benveen said b«id n^b„ a„a inner lining 



34. •n»"<heter section ofclaim 33 wlBrein said at leas, one 
on^ poly^ti^ne Uning „«n^r in^rior .o said braid ™en,ber is in con.ac, ™«, 



said inner lining member. 



35. The cati^er section ofcUm 32 wherdnfte section has a 
an^ a p^xima. end «.d s«d po.,UMuoroeU,yle„e extends b«ween said 
distal and proximal end. 



36. ■n.ecafl.e.ersectionofdaimSlwhereinti.csectionhasa 
d-al and a pro^dmal end and said braid ex.«:ds be^^ said dista, and proximal 



37. Thecatt«ers«:tionofclaim3lwhe«i„d«super.elastic 
alloy comimses a nickel-titanium alloy. 

38. n-'ca-hetersectionofclaimSlwhereinthesuper-elastic 
alloy comprises a niclcel-ti^nimn alloy limher containing a„ alloying member 
setaed ftom ti,. group consisting ,f vanadium, chomimn. m«^e, and 
cobalt. 



39. The catheter section of claim 37 wherein the alloying 
member is selected from the group consisting of chromium and iron. 
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40. The catheter section of claim 3 1 wherein at least one of the 
inner liner member and the outer covering member contains a radio-opacifier. 

41 . The catheter section of claim 3 1 further comprising a 

5 removable, slidable guidewire placed interior to and in slidable relationship to 

said section. 

42. A catheter section comprising: 

an elongate tubular member having a proximal end and a distal end 
and a passageway defining an inner lumen extending between those ends, 
10 comprising 

a. ) a braid member woven of a plurality of ribbons, at least a 
majority of which ribbons comprise a super-elastic alloy, and 
having inner and outer surfaces, and which said braid member 

1 5 extends along at least a portion of said lumen, 

b. ) at least one polypropylene inner lining member interior to said 
braid member, and 

20 c.) at least one polyethylene outer covering member exterior to 

said braid member. 

43. The catheter section of claim 42 wherein the section has a 
distal and a proximal end and said braid extends between said distal and proximal 

25 end. 

44. The catheter section of claim 32 wherein the section has a 
distal and a proximal end and said polypropylene liner extends between said distal 
and proximal end. 
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45. The catheter section of claim 42 wherein the super-elastic 
alloy comprises a nickel-titanium alloy. 

46. The catheter section of claim 42 wherem the super-elastic 
alloy comprises a nickel-titanium alloy further contaimng an alloying member 
selected from the group consisting of vanadium, chromium, manganese, iron, and 
cobalt. 



47. The catheter section of claim 42 wherein the alloying 
member is selected from the group consisting of chromium and iron. 

48. The catheter section of claim 42 where the braid member 
ribbons have a thickness between 0.5 mil and 3.5 mil and a width between 2 5 and 
12.0 mil. 



49. The catheter section of claim 42 wherein at least one of the 
inner liner member and the outer covering member contains a ladio-opacifier. 



50. The catheter section of claim 42 further comprising a 
removable, slidable guidewire placed interior to and in slidable relationship to 



said section. 



51. A catheter comprising: 

an elongate tubular member havmg a proximal end and a distal end 
and a passageway defining an inner lumen extending between those ends. 
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said elongate tubular member having: 

a. ) a relatively stiff more-proximal segment, and 

b. ) a relatively flexible more-distal segment, 

at least one of the more-proximal and more-distal segments comprising an 
elongate tubular member having a proximal end and a distal end and a 
passageway defining an inner lumen extending between those ends, comprising 

i. ) a braid member woven of a plurality of ribbons, at least a 
majority of which ribbons comprise a super-elastic alloy, and 
having inner and outer surfaces, 

ii. ) at least one inner polymeric lining member interior to said braid 
member, and 

iii. ) at least one outer covering member exterior to said braid 
member. 

52. The catheter of claim 5 1 wherein the distal-most segment 
comprising said braid has a critical bend diameter of no more than 3 nun, 

53. The catheter of claim 5 1 wherein the catheter section has a 
critical bend diameter of no more than 2.0 mm. 

54. The catheter of claim 5 1 wherein the catheter section has a 
critical bend diameter of no more than 1 .0 mm. 
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55. Thecatheterofclaim51 wherein at least one of said at least 
one outer covering members comprise a polymer. 

56. The catheter of claim 55 wherein the polymers are selected 
from members selected from the group consisting of polyimides, polyamides, 
polyesters, polyethylene, polypropylene, polyvinylchloride. polyfluorocarbons. 
polyurethanes, polysulfones. and their mixtures, alloys, blends, copolymers, and 
block copolymers. 

57. The catheter of claim 5 1 wherein the super-elastic alloy 
comprises a nickel-titanium alloy. 

58. The catheter of claim 5 1 wherein the super-elastic alloy 
comprises a nickel-titanium alloy further containing an alloying member selected 
from the group consisting of vanadium, chromium, manganese, iron, and cobalt. 

59. The catheter of claim 5 1 wherein said at least one 
polymeric inner lining member interior to said braid member comprises a 
polyfluorocarbon. 



60. The catheter of claim 59 wherein said at least one 
polymeric inner lining member interior to said braid member comprises 
polytetrafluoroethylene. 



61 . The catheter of claim 60 wherein said at least one 
polymeric imier lining member interior to said braid member further comprises an 
outer polyurethane lining member between said braid member and said inner 
lining member. 
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62. The catheter of claim 61 wherein said at least one outer 
polyurethane lining member interior to said braid member is in contact with said 
inner lining member. 

5 63. The catheter of claim 61 wherein a minority of the braid 

member ribbons are stainless steel. 

64. The catheter of claim 51 wherein a minority of the braid 
member ribbons comprise a member selected from platinum, timgsten, gold, their 

1 0 mixtures and alloys. 

65. The catheter of claim 5 1 wherein the braid member has a 
braid pitch and that braid pitch is constant along the axis of the braid member. 

1 5 66. The catheter of claim 5 1 wherein the braid member has a 

braid pitch and that braid pitch is not constant along the axis of the braid member. 

67. The catheter of claim 5 1 further comprising a distal-most 
section comprising: 

20 a.) an inner stififener liner of a first liner material in coaxial 

relationship with an outer tubular cover, 

b. ) an outer tubular cover comprising a cover material, and 

c. ) at least a distal radio-opaque marker located distally of said 
inner stiffener liner. 

25 

68. The catheter of claim 67 wherein the inner stiffener liner 
comprises a helically wound ribbon stiffener. 

69. The catheter of claim 68 wherein the inner stiffener liner 
30 comprises a ribbon stiffener of a super-elastic alloy. 
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70. The catheter of claim 69 wherein the supeMlastic alloy is 
comprises a nickel-titanium alloy. 

71 . The catheter of claim 67 wherein the outer cover material 
comprises a polyethylene blend containing at least 7.5% EVA. 

72. The catheter of claim 71 wherein the inner liner material 
comprises polyethylene. 

73. The catheter of claim 72 wherein the outer cover material 
comprises a polyethylene blend containing at least 7.5% EVA. 

74. The catheter of claim 72 where the liner material and cover 
material are radiation sterilizable without substantial degradation of their physical 
attributes. 

75. The catheter of claim 5 1 further comprising a distal-most 
section comprising: 

a. ) an inner, helically wound, lubricious, polymeric coil member in 
coaxial relationship with an outer tubular cover, 

b. ) an outer tubular cover comprising a polymeric cover material, 

and 

c. ) at least a distal radio-opaque marker located distally in said 

section. 

76. The catheter of claim 75 wherein said inner, helically 
wound, lubricious, polymeric coil member comprises a polyfluorocarbon polymer. 
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77. The catheter of claim 755 wherein said inner, helically 
wound, lubricious, polymeric coil member is at least partially embedded in said 
outer tubular cover. 

5 78. A catheter assembly comprising: 

an elongate tubular member having a proximal end and a distal end 
and a passageway defimng an iimer lumen extending between those ends, 
comprising 

10 a.) a relatively more flexible and more distal segment, comprising 

i. ) a braid member woven of a plurality of ribbons, at least a 
majority of which ribbons comprise a super-elastic alloy, and 
having inner and outer surfaces, 

15 

ii. ) at least one inner lining member interior to said braid member, 
and 

iii. ) at least one outer covering member exterior to said braid 
20 member, and 

b.) a relatively more rigid and more proximal tubular segment comprising a 
comparatively high flexural modulus material. 

25 79. The catheter assembly of claim 78 wherein the relatively 

more distal segment has a critical bend diameter of no more than 3.0 mm. 

80. The catheter assembly of claim 78 wherein at least one of 
the inner lining member and the outer covering member are polymers. 



. 47 . 



W096/33763 



PCT/US96/0S839 



81. TTie catheter assembly of claim 80 wherein the polymer 
^ selected from members selected fh,m the group consisting of polyimides 
polyamides, polyesters, polyethylene, polypropylene, polyvinylchloride 
polyfluorocarbons, polyurethanes. polysulfones, and their mixtures, allocs, blends 
copolymers, and block copolymers. 

82. The catheter assembly of claim 78 wherein the super-elastic 
alloy comprises a nickel-titanium alloy. 

83. The catheter assembly ofclaim 78 wherein a minority of 
the braid member ribbons are stainless steel. 

'^^^^^^^•^^■^^'nbly ofclaim 78 wherein a minority of 
the braid member ribbons comprise a member selected fh,m the group consisting 
of gold, platinum silver, and copper. 

85. The catheter assembly ofclaim 78 wherein the imier liner 
and outer covering members are radiation sterilizable without substantial 
degradation of physical attributes. 



86. The catheter assembly ofclaim 78 wherein at least one of 
the inner liner member and the outer covering member is radio-opaque. 

87. The catheter assembly ofclaim 78 where the more proximal 
section comprises a polymer. 



88. 



The catheter assembly ofclaim 87 where the more proximal 
section comprises a polymer selected from polyamides, polyamide-polyimides 
polyimides. polycarbonates, LCP's. polyolefms. and acetals. 
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89. The catheter assembly of claim 88 where the more proximal 
section comprises a Nylon. 

90. The catheter assembly of claim 88 where the more proximal 
section comprises a polyimide. 

9 1 . The catheter assembly of claim 88 where the more proximal 
section comprises polypropylene. 

92. The catheter assembly of claim 88 where the more proximal 
section comprises high density polyethylene. 

93. The cadieter assembly of claim 88 where the more proximal 
section comprises a metallic tubing. 

94. The catheter assembly of claim 93 where the more proximal 
section is electrically connected to the braid. 

95. The catheter assembly of claim 78 further comprising a 
removable, slidable guidewire placed interior to and in slidable relationship to 
said sections. 
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